Statistical and fractal approaches for characterizing surface topography have been used widely in contact mechanics. In the present study, an attempt is made to compare between contact mechanics results obtained with statistical and fractal approaches to characterize surface topography. Specifically, a three-dimensional fractal surface was generated and statistical surface parameters were extracted using different sampling resolutions. Contact mechanics simulations were performed using the simulated fractal surface and statistical surfaces represented by the extracted statistical surface parameters. Purely elastic contact is studied in order to eliminate the influence of the individual asperity mechanical response on the obtained results. Therefore, differences in the simulated contact area and load can be related solely to the different approach employed for surface characterization. The influence of surface characterization approaches on the contact parameters and the resulting predictions is discussed in the contents of the presented results.
INTRODUCTION
Statistical approaches for characterizing surface topography have been used extensively in contact mechanics since they were introduced in the ingenious study by Greenwood and Williamson [1] . While the statistical approach is simple to use, it has been shown [2] that statistical surface parameters such as, variances of height m 0 , slope m 2 , and curvature m 4 , depend on the resolution of the surface measuring apparatus and sample length. This dependency may affect the results for the contact parameters, such as the relationship between real contact area and contact load. In order to overcome this drawback, fractal geometry [3] has been used to characterize surface topography and employed in contact mechanics models. This approach allows capturing the multiscale nature of surface topography, independently of apparatus resolution and sample length. However, not all engineering surface are fractals in their nature. Moreover, even when surfaces do possess fractal behavior, it is often time valid only within a certain length range.
In the current study, a comparison is conducted between contact mechanics results based on statistical and fractal approaches to characterize surface topography. Specifically, a three-dimensional fractal surface is generated by using the Weierstrass-Mandelbrot (W-M) function [4] with lateral resolution of 1nm and sample length of 1µm. The statistical surface parameters i.e., standard deviation of surface heights σ, asperity areal density η, and asperity radius R, were extracted using sampling resolution SR of 1, 2, 10, and 100 nm. Contact mechanics simulations were performed using the simulated fractal surface and statistical surfaces represented by the extracted sets of statistical surface parameters. Purely elastic contact has been studied in order to eliminate any possible influence of the individual asperity mechanical response on the obtained results. Therefore, differences in the simulated contact area and load can be related solely to the different approach employed for surface characterization.
RESULTS AND DISCUSSION
The contact of two rough surfaces can be simulated by considering an equivalent rough surface in contact with an atomically smooth one. Figure 1 shows a fractal equivalent rough surface with area of 1 µm 2 . The surface was generated by using the W-M function with fractal roughness G = 9.46×10 -13 m and fractal dimension D = 2.44. The statistical surface parameters, i.e., σ, η, and R, were extracted by using SR = 1, 2, 10, and 100 nm and the techniques outlined in McCool [5] . Figure 2 shows the normalized statistical surface parameters versus the sampling length. The normalization is done with respect to the corresponding values obtained with SR = 1 nm. All of the statistical surface parameters are affected by varying the SR. However, σ, changes less than η and R because it is not as significantly affected by SR, if SR is much smaller than the sample length (1 µm) [2] . The asperity radius increases with increasing SR because it is calculated based on larger surface features and for the same reason the asperity areal density decreases. These observations are in agreement with the analytical predictions for the surface moments in Ref. [2] . The dependency of the statistical surface parameters on SR is expected to bias the contact mechanics solution using the statistical approach (GW, Ref. [1] ). Figures 3 and 4 show the results for the contact area versus contact load and separation versus contact load obtained by the GW and fractal approaches. Both approaches yield the same trend where the contact area increases and separation decreases with increasing the contact load. As expected, the GW results are biased by SR that may result in significant deviation from the fractal model. It is interesting to note that under lower contact loads the fractal results are in good agreement with the GW results obtained for SR=10 while for higher contact loads the fractal results increase toward GW results calculated from higher SR values. This infers the predominance of smaller feature sizes at lower loads. Figure 4 . Dimensionless surface separation as a function of the dimensionless contact load using elastic statistical (GW) and fractal surfaces.
CONCLUSIONS
These results show that the GW statistical model is largely dependant on the sampling resolution when a surface topography is characterized. Interestingly, the GW model for different SR values of 1 nm, 2 nm, 10 nm, 100 nm actually 'frames' the results of the fractal model. The fractal model also produces trends with a slightly different slope, which relates to the fractal model capturing the multiscale nature of contact. This multiscale nature results in contact containing mostly small asperities or features at low loads and larger asperities at higher loads. 
